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0 Frequency separation stabilization method for optical heterodyne or optical homodyne 
communication. 



0 A system for stabilizing a frequency separation 
between tvy^o coherent light sources includes first 
and second current sources driving first and second 
semiconductor laser devices (1, 2) with first and 
^cond frequencies (f1 . f2), respectively. Ught from 
the semiconductor laser devices (1, 2) is combined 
In a multiplexer (5), and a portion (7) of the com- 
Spbined light is diverted to an optical-to-electrical tran- 
" sducer (8). The output current (10) from the trans- 
^^ducer (8) is combined with an output (12) of a focal 
Jj oscillator (11) driven at a selected frequency. A 
combined signal Is then filtered by a filter (14) and 
^used to form a control signal of one of the semicon- 
^ductor laser devices (2). 
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FREQUENCY SEPARATION STABILIZATION METHOD FOR OPTICAL HETERODYNE OR OPTICAL HOMO- 
DYNE COMMUNICATION 



Background of The invention 

Thl3 Invention relates generally to optical com* 
munlcation systema, and more particularly to sys- 
tems for stabilizing wavelength or frequency sepa- 
ration of light sources to rend^ them suitable for a 
wavelength multiplexing or frequency multlple>dng 
systems in coherent optical communication or di- 
rect detection optical communication systems. 

A conventional wavelength or firequency sepa* 
ration stabilization systems for Hght sources is dis- 
cussed in IEEE, international Conference on Com* 
munications. Conference Record 37.4.1, pp. 1219 - 
1223 (1988). Thte paper Is directed to fiber type 
Fabry-Perot resonators, or in other words, a idnd of 
etalon. as a means for stabilizing frequency separa- 
tion. Tills etalon is used as an optical f^quency 
discriminator for converting an optical frequency to 
an Intensity. The system stabilizes the p^cal fre- 
quency separation by detecting the change of the 
intensity of the output beam of tiie etalon that 
occurs when the optical frequency changes, and by 
using this signal as a control signal. 

In a^rdance witii the technique described 
above, frequency stability of tiie light sources is 
limited by stability of the etalon with respect to the 
cfianges in temperature, meclianical ^bration, air 
pressure, and the like. It is tiierefbre difficult to 
maintain stability for extended periods. 

A system Is therefore desirable which can fa- 
cilitate a frequency separation stabilization which is 
stable for extended periods of time. 

Wavelength division multiplexing or frequency 
division multiplexing optical communication sys- 
tems using the above-described technique render 
another problem in the part of a photo-coupler 
output for combining the beams from a plurality of 
light sources is discarded wittiout using it The 
optical output is not therefore, utifized effectively. 

K Is also therefore desirable tiiat a system be 
provided which can accomplish wavelength division 
multiplexing or frequency division multiplexing op- 
tical communication which utilizes effectively op- 
tical outputs of light sources. 



Summary of the Invention 



In accordance with the present Invention, out- 
put beams of two llgiit sources are combined and a 
portion of the combined beam Is subjected to op- 
tical heterodyne detection by an optical detector 



and converted to an electric signal. This electric 
signal and the output of an osdllalor are mult^Oed, 
and a difference frequency component generated 
by this multiplication between the electric signal 

5 and tile output of tine oscillator Is extracted. The 
change of this signal component Is detected by a 
fifequency discrimination circuit and this signal Is 
applied to one or both of the semiconductor lasers 
so as to make the difference of the optical fre- 

10 quendes of the two semiconductor lasers constant 



Brief Description of tiie Drawings 

IS 

The following will b& described in conjunction 
wftfi tiie following Rgures which form a part hereof 
and wherein: 

Fig. 1 shows A first embodiment of the 
20 present Invention; 

Ftg. 2 shows construction of a frequency 
discrimination circuit of Fig. 1; 

Fig. 3 Illustrates frequency discrimination 
characteristics of the frequency discrimination dr^ 
25 cult of Rg. 2; 

Ftg. 4 is a structural view of the light sources 
of tiie second and third embodiments of the 
present invention; 

Rg. 5 shows a fourtii embodiment of the 
30 present Invention; 

Rg. 6 shows a fiftti embodiment of tiie sub- 
ject system; 

Rg. 7 shows a sbctii embodiment of the 
subject system; 
35 Ftg. 8 shows a seventh embodlmerit of the 

subject system; 

Rg. 9 shows a eightti embodiment of the 
subject system; 

Rg. 10 shows a nintii erhbodlment of the 
40 subject system; 

Rg. 11 shows a disposition of the optical 
frequency of the light sources In a tentti embodi- 
ment on a frequency axis; 

Rg. 12 shows structures of tentii, and siev- 
es entti and twelfth emtwdlments; 

Rg. 13 shows a disposition of tiie electric 
signals on tiie frequency axis in tiie eleventii em- 
bodiment; 

Rg. 14 shows a disposition of the frequency 
50 of beams from the light sources on ttie optical 
frequency axis In the twelftti emt>odiment; 

Rg. 15 shows a structure of a fourteenth 
embodiment of the subject system; 

Rg. 16 shows anottier structure of tiie four- 
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teenth embodiment; 

Rg. 17 ^ows a fifteenth embodiment of the 
subject system; 

Rg. 18 shows a sbdaenth embodiment of the 
subject system; s 

Rg. 19 shows a seventeenth embodiment of 
the subject system; 

Rg. 20 shows an eighteenth embodiment of 
the subject system; and 

Rg. 21 shows a nineteenth embodiment of io 
the subject system 



Detailed Description of the Prefen'ed and Alternate 

Embodiments is 



The principle emtwdiment of the presence in- 
vention wlil be described with reference to Rg. 1. A 
semiconductor laser suitably forms light sources 1 20 
and 2. 

The output bearhs 3 and 4 of two semiconduc- 
tor lasers 1 and 2 are combined by an optical 
multiplexer 5. such as a photo-coupler* and part of 
the beam 7 of the output is converted to an electric 25 
signal by an optical detector a At this time, an 
electric signal of a difference frequency fa - fi . 
. component between the optical frequency f 1 and fa 
fit is hereby assumed tfiat h>h) of the output 
beams of the two semiconductor lasers occurs, so 
This dgnal component and the output 12 of an 
osciliator 11 are muttiplled by a muitipfier ia At 
this time the frequency of the oscillator output 12 Is 
set to fs - fo* for example. Here, fs represents a 
desired opticai frequency separation of the two ss 
semiconductor lasers. Then, a signal having a fre- 
quency component h - f 1 - f« + f o appears at the 
output of the multiplier 13. The output of a filter 14 
permitting tiie passage of tills signal component is 
applied to a frequency discrimination circuit 6 hav- ^ 
ing a certain specific voltage, e,g. a 0 V output, 
when file input frequency is to- Then, tiie output of 
this drcuit becomes a signal conrespondlng to tiie 
frequency fa - f 1 - fs- it is possible to establish tine 
relation fa - f 1 » fs by applying this signal to the 45 
semiconductor laser. 

In Rg. 1, tiie output signal 17 of the frequency 
discrimination circuit Is superimposed witfi a driv- 
ing cunrent 20 of the light source 2 to attain tills 
relationship. In this manner, tiie frequency separa- 50 
tion between the two light sources can be kept at 
the constant value fs. 

In accordance with the present invention, the 
stability of the frequency separation t>etween tiie 
two tight sources Is detemnined by the osciliator 65 
and the frequency discrimination circuit. This stabil- 
ity is suffldentiy higher ttian stability of opticai 
components, such as etalon, and a stable fre- 



quency separation stabilization system can thus be 
accomplished. 

In accordance with the present Invention, fre* 
quency separation stabilization is conducted by 
use of part of tiie output of the optical multiplexer, 
and an opticai waveiengtii multiplexing or frequen- 
cy multiplexing communication system Is realized 
by utiiteing effectively the optical output, which 
output has not been used conventionally. 

In opticai waveiengtii multiplexing, or frequency 
multiplexing communication, it is necessary to 
keep constant tiie optical frequency separation be- 
tween the light sources in onjer to stably secure 
transmission quality. Consklering the case where 
semiconductor lasers are used for the light sour- 
ces, tiie difference fa - fi between tiie optical 
frequency fi and fa (oii tiie premise ttiat fa > fi) of 
the two semiconductor lasers 1 and 2 is kept at an 
arbitrary frequency fg. In ordinary wavelength mul- 
tiplexir^ or frequency multiplexing communication, 
the output beams 3 and 4 of tiie two light sources 
described above are combined by an optical, mul- 
tiplexer 5. such as a photo-coupler, and part of the 
output beam is used as a transmission signal. 
Here, part 7 of the output beam of tiie optical 
multiplexer 5 is converted to an electric signal by 
an optical detector 8 such as a p-inn photo-diode or 
APD (Avalanche Photo Diode). This electric signal 
contains a frequency component fa - ft. 

The signal is then amplified by a bandpass 
amplifier 9 which pennits tiie passage of fa - fi. In 
this case, the amplifier 9 may consist of the com- 
bination of a low-pass amplifier with a bandpass 
filter or a high-pass filter. The output signal 10 of 
this amplifier 9 and tiie output 12 of an oscsrilator ll 
are multiplied by a multiplier 13. A double balance 
mixer is an example of tills muttiplier 13. The 
output 12 of this oscillator 11 Is set to fs • f^. Here, 
f, represents a desired optical frequency separation 
be^veen the two semiconductor lasers. Then, the 
frequency of the output of tiie multiplier 13 be- 
comes S(fa - fi) ± (fs - fo)!* Among tiiem, ttie low 
frequency component :(fa -fi ) - (fs - fo)i Is taken out 
by tiie low-pass or bandpass filter 15. This signal 
15 is applied to a frequency discrimination circuit 
16. This frequency discrimination circuit 16 is set 
so that when the frequency of the input signal is fo. 
its output takes a certain predetermined value, e.g. 
0 V, and when tiie frequency of tiie input signal is 
higher tiian U or lower tiian fo, a positive or nega- 
tive signal is outputted, respectively. 

This fi-equency discrimination circuit is suitably 
comprised of a signal separation circuit (divider), a 
delay circuit 23 and a double balance mixer 24 as 
shown in Fig. Z At tills time the delay time of the 
delay circuit 23 can be expressed substantially as 
follows: 

T « (n + mto) 
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where n Is an odd number. Then, the Input/output 
characteristics of this frequency discriminator Is as 
shown in Rg. 3<a> and which exhibits desiied 
ctaracteristfcs. If the output is V and the input 
frequency is f, Vacos(2irfr). The* output signal 
(voltage) 17 of this frequency discrimination circuit 
is appHed to a yoKage cunrent converdon drcuR 18 
to obtain a cunrent signal 19, This signal cunent 19 
is added to a driving current 20 of the semiconduc- 
tor laser 2. In such a construction, the optical 
frequency h of the semiconductor laser 2 is con- 
trolled by the cun^nt so as to satisfy the relation h 
- f « f It wili be assumed, for example, that the 
optical frequency fi of the semiconductor laser 1 
becomes high for some reason (change of tem- 
perature, cunrent 20, etc.) and h - ft <fs- Then, the 
frequency i{h - f,) . (f^ • fj; of the input signal 15 
to the frequency discrimination circuit 16 becomes 
smaller tfian f o and the output voltage 17 from the 
frequency discrftnlnatlon circuit 16 generates a 
negate voltage. The voltage-cun^ent conversion 
circuit 18 then generates a current 19 conrespond* 
ing to the ^gnal 17. which Is added to the driving 
current 20 to raise the optical frequency h of the 
semiconductor laser 2. (In practice, the cunrent 19 
In this case Is a negative current and makes the 
driving cunent 20 small and fa high.) When fa f i » 
U in this maraier. the frequency component .'(fa - 
fi) - (fs • fo)! of the signal 15 becomes U and the 
output volt^e 17 of the frequency discrimination 
circuit becomes 0 V. The optical frequency dif- 
ference fa - fi t)etween the two semiconductor 
lasers 1 and 2 Is icept at fs. 

The same discussion as described above will 
now be made about the case of ft > fa. In this 
case, fi - fa must be icept at the predetermined 
value fs. The low frequency component 15 of the 
multiplier 13 becomes l{fi - fa) - (fa -fo):. There- 
fore, when the signal is added to the drh/Ing current 
20 of tiie semiconductor laser 2 in the same way 
as in tfie above-mentioned case (fa > f), the fre- 
quency difference fi - fa deviates from fg. When, 
for example, fi becomes high, fi - fa - fs > 0 and 
the output 17 of the frequency discn'mlnation circuit 
16 generates a positive voltage so that the optical 
fi^uency of the semiconductor laser 2 t>ecomes 
low. Accordingly. fi - fz becomes all the more 
greater and comes away from ^ . In this case, ft - 
fa can i)e set to the predetemnined value f, by 
employing any one of the foliowtng four methods. 

(1) The signal current 19 Is added to the 
driving current 21 of the semiconductor laser 1. but 
not to the driving cunrent 20 of the semiconductor 
laser 2. 

(2) The frequency of the output signal 12 of 
the oscillator 1 1 is set to f s <f> f o. 

(3) The polarity of the output of the fre- 
quency discrimination circuit Is inverted. In other 



words, a negative signal is outputted when the 
input frequency is higher than fo and a positive 
signal Is outputted when It is lower than fo. This can 
be accomplished by setting the delay time r of the 
5 delay cin:uit 23 in me frequency discrimination 
circuit 16 of Fig. 2. for example, so as to satisfy 
substantially the following equation: 
r « (n ^iVeti^ y (2) 
where n is an even number. 

10 

The input/output characteristics of the fre- 
quency discrimination circuit 16 at this time are 
such as shown in Rg. 3<b>. 

(4) The polarity of the voftage-cun^nt cen- 
ts version circuit 18 is inverted. In other wonds, a 
negative current is outputted (current suction) when 
the input voltage Is positive and a positive current 
Is outputted when the Input voltage is negative. 
Incidentally, this embodiment can be applied 
20 Similarly to a multi-electrode semiconductor laser. 
In this case, the signal cunrent 19 may t>e applied 
directiy to one or a plurality of electrodes of tiie 
multi-electrode laser. 

Since this embodiment Is the system which 
26 applies negative feedback to tiie drh/Ing cunrent, 
tiie embodiment can accomplish a frequency sepa- 
ration stabilization system which provides a quick 
frequency response of the feedback systerh and 
can follow a sharp optical frequency change. 
30 HexU the second embodiment will be de- 
scribed with reference to Rg. 4. As light sources 1 
and 2, this embodiment uses a combination of a 
semiconductor laser 25, an optical system 26, and 
a minx>r 27 shovm in Rg, 4<a>; tiie combination of 
36 tiie semfoonductor . laser 25 and an optical fiber 28 
shown in Rg. 4<b>; or the combination of tiie 
semiconductor laser 25. an optical system 24 and 
a diffraction grating 29 shown in Rg. 4<c>. At tills 
time tiie driving cunrent 2o' on which tiie control 
40 cunrent 19 is superposed is applied to the semicon- 
ductor laser 25. This embodiment provides tiie 
effect that a light source having a narrow spectral 
line width can be obtained. 

The third embodiment will be explained witii 
45 reference to Rg. 4. Though tills embodiment uses 
tiie combination of tiie semiconductor laser 25 and 
tiie external mirror or the optical fiiier or tiie diffrac- 
tion grating in the same way as in the second 
embodiment, this embodiment stabilizes tiie fro- 
60 quency separation by changing the lengtii 1 be- 
tween tiie semiconductor laser 25 and tiie mirror 
27 or tiie optical fiber 28 or tiie diffraction grating 
29 of the light source so as to change tfie optical 
frequency. In tiie optical source using tiie diffrac-- 
56 tion grating, the optical frequency is changed by 
changing tfie angle e as tfie optical axis by the 
diffraction grating by use of tiie output signal so as 
to stabilize the frequency separation. The distance 
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1 or Ihe angle a can be changed by driving the 
mirror 27. the optical fiber 28, or the dlfh^on 
grating 29 by a piezo device. The optical frequency 
is changed by applying the output signal 17 of the 
control circuit 22 of Rg. 1 to the driving circuit of 
the piezo device so that frequency separation can 
be stabilized. In this embodiment there can be 
obtained the light source having a nan-ow spectral 
line width. 

The fourth embodiment will be explained with 
reference to Rg. 5. The output voltage 17 of the 
control circuit 22 Is compared with a reference 
voltage (VoV in Rg. 5) by a differential amplification 
circuit 30. Hs difference signal 31 is applied to a 
variable temperature device such as a Peltier de- 
vice 32 of the light source 2 in order to change the 
temperature of the light source 2, to change the 
optical frequency k (generally, the optical frequen- 
cy drops In semiconductor laisers when the tem- 
perature Is raised), and to fix the frequency separa- 
flori f2 - f 1 to the set value f^. If the output char- 
acteristics of the frequency discrimination drcuit 15 
are set to 0 V when the frequency of Its input 
signal is fo, the reference voltage Vo of the (*«-) 
Input terminal of the differential amplification drcuit 
25 is' of course set to 0 V. Incidentally, a laser 
module 33 incorporating therein integrally the light 
soiirro 1^ and the Peltier device 32 in a casing Is 
hereby used. 

Since negative feedback is applied to the Pel- 
tier device to change the temperaturis, this emfcwdi- 
meht provides the effect that the brealcdown of the 
device is eliminated due to the drastic change of 
tiie driving cunnent of the light source 2 by the 
control signal. Since the optical frequency has 
frequency-temperature characteristics of -12 
GHz/* C In the semiconductor laser, there can be 
obtained the effect that the optical frequency can 
be controlled easily by frequency-cunrent charac- 
teristics (-IQHz/mA). 

The fifth embodiment of the present Invention 
will be explained with reference to Rg. 6. The Hght 
sources 1 and 2 are herein assumed to be semi- 
conductor lasers- The optical signal of the light 
source 1 driven by the driving current 21 passes 
through the optical fiber as the optical transmission 
path 3' and is combined with the output beam 4 of 
the local oscillation light source 2 by the photo- 
coupler 5. The output 7 of this photo-coupler 5 Is 
converted to the electric signal by tiie optical de- 
tector 8. The frequency component fa - fi (where fi 
and f2 are optical frequency of the lasers 1 and 2, 
respectively, and assumed to be fa > fi) of this 
signal Is anhpiified by the amplifier 9 and Its part is 
converted to the baseband signal 35 by the de- 
modulation circuit 34. Part 10 of tiie output of tiie 
amplifier 9 passes through tiie control circuit 22 
and is converted to the control signal 17. As the 



control current 19 Is applied to the current 20 of 
the local osdtlaUon light source 2« the optical fre- 
quency fa of tfie tocai osdUaUon semiconductor 
laser 2 operates In such a manner as to satisfy the 

6 relation fa - f 1 » U This embodiment stabilizes tiie 
Intermediate frequency fa * fi In ttte optical hetero- 
dyne communication system. If f. s 0 In tiiis 
embodiment, the system becomes ari optical 
homodyne communication system. 

10 This embodiment provides the effect that tiie 
intermediate frequency can be stabilized and the 
optical heterodyne communication system and the 
optical homodyne communication system can be 
accomplished while keeping stable transmission 

16 quality. 

in tills embodiment it Is possible to use, as the 
light sources 1 and 2, other lasers; semiconductor 
lasers having a plurality of electrodes; and a com- 
bination of semiconductor lasers, tiie optical sys- 

20 tern and the mlrron optical fibers; or diffraction 
grating shown in Rg. 4. Needless to say. tiie meth- 
od of Rg. 5 which changes the temperature df the 
local oscillation light source 2 by use of the control 
signal 17 can be applied to this embodiment When 

25 the light sources shown in Rg. 4, are used, the 
IntenfTiedlate frequency can of course be stat)illzed 
by changing tiie distance 1 betweiri the slriilicon- 
ductor laser 25 (which serves as the l<x:ai osdiiator 
light source 2) and the mirror 27 or Wie optical fiber 

so 28 or the diffraction grating, or changing again the 
angle 0 In the case of tiie dlffractio>n grating by use 
of the cohfrol signal 17. 

The ^ixtii embodiment will be explained witii 
reference to Rg. 7. Rg. 7 is a structural view of an 

35 optical heferodyne or optical homodynet system 
using a balanced type optical receiver. The optical 
signal 3 transmitted is combined with a local os* 
dilation beam 4 by a 3 dB photo-coupler 5 and 
after their power is hadved. they are outputted as 

40 the combined beams 7 and 6. These tieams 7 and 
6 are inddent to optical detectors 8 and d'. respec- 
tively, are converted to electric signals and added 
together to provide one electric signal. Part 10 d 
tills signal Is Inputted to a control drcuit 36 to 

45 stabilize tiie intermediate frequency and the rest 
are inputted to tiie demodulation circuit 34 to ou^ 
put a demodulation signal 35. 

Since tiie Intensity noise of the local osdilation 
beam 4 is suppressed, this embodiment provides 

60 the effed tiiat a demodulated signal having a high 
dgnal-to-noise ratio can be obtained. 

The seventh embodiment will be explained with 
reference to Rg. 8. Rg. 8 Is a structural view of an 
optical heterodyne or optical homodyne system 

55 using a polarization diversity type optical receiver 
38. The transmitted optical signal 3 Is combined 
with the local oscillation beam 4 by the photo- 
coupler 5 and Its output beam 7 is separated to 
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beams l' and l" having mubjaliy crossing poiartea- 
Hon components by a polarization separator such 
as a polarization prism. These beams are con- 
verted to electric signals by the optical detectors 8' 
and 8. amplified by the amplifiers 8^ and 9 and 
demodulated by the demodulation cteuits 34' and 
34 to provide the demodulated signals 35^ and 35. 
These demodulated signals 35^ and 35 are added 
to provide a signal 38. Tiie intermediate frequency 
is stat>ilized by the control circuit 36 using part 10 
of the output of the amplifier 9^ Incidentaliyt this 
emt>odiment can be accomplished b^ inputting part 
of the output id' of the amplifier 9 to the control 
drcult 

This embodiment provides the effect that deg- 
radation of the signal*to-noise ratio of the demodu« 
fated signal due to the poiarteatlon fluctuation of the 
optical signal 3 can tie suppressed. The degrada- 
tion described above can further be su^^ressed by 
furnishing a frequency mixer or an envelope detec- 
tor contained in the demodulation circuit 34' or 34 
with ttie amplification square characteristics. 

The eighth emt)odlment wOI.be explained with 
reference to Rg. 9. Fig. 9 is a structural view of an 
optical heterodyne or optical homodyne system 
uaing a balanced type polarization diversity re- 
ceiver 40. The signal t^eam 3 propagating through 
tfie optical fiber 3 is separated to an x polarization 
compof^nt beam 3x and a y polarteation compo- 
nent t>eam dy having substantialiy crossing po- 
larization directions with each other by the poiarizar 
tion separator 39. Examples of the pofarrzation sep- 
arator 39 include a TE-TM polarization separator 
produced by forrnlng electrodes on an optical 
waveguide obtained by diffusing ions of Tl or the 
Uke in a polarizaiion prism or an optical crystal 
exhibiting birefringence such as UNb03. The local 
oscillation beam 4 is separated into two t>eams 4x 
and 4y whose polarization directions are substan- 
tiaily in agreement with 3x and 3yt respectively, by 
the polarization separator 39 , and these beams 4x 
and 48 are combined witii the x polarization com- 
ponent beams 3x and 3y by couplers 9x and 5y, 
respectively. 

The method of bringing the polarization direc- 
tions of the signal beams 3x and 3y into substantial 
conformity witti the local oscillation beams 3y and 
4y, respectively, comprises the steps of setting the 
angle and position of the local oscillator optical 
source so that the optical power of the output 
t^eam 4x is equal to that of the output beam 4y, 
tfien ot>serving the detection output of the optical 
heterodyne (or optical homodyne), that is, the out- 
put amplitude of the amplifiera dx and 9y while 
keei:Hng this state (the relatlvB position Ksetween the 
{Doiarization beam splitter 39' and the local oscilla- 
tor optical source 2), and rotating the polarization 
beam splitter 39 or ttie combination of the polariza- 



tion beam splitter 39' witti tiie local oscillator op- 
tical source 2 so tiiett tfie output amplitude be- 
comes maximal. According to this metiiod the po- 
larization directions of the beams 3x and 4x can be 
5 brought into sui^stantial conformity witti the po- 
larization directions of the beams 4x and 4y, re- 
spectively. 

Another metiiod of accomplishing tiie local os- 
dilation beams 4x and 4y comprises inserting a 

70 polarization control de\rice into an optical path be- 
tween the local oscillator optical source 2 and tiie 
polarization beam splitter 39' and inserting anotiier 
polarization control device into the optical pattis 
from the two outputs of the polarization beam split- 

75 tar 39' to the inputs of the photo-couplers 5x and 
5y. In this case, the beam leaving tiie local oscilla- 
tor optical source 2 consols tiie polarization direc- 
tions so that the^output power from the poiarizatton 
bearh splitter 39' is made equal by the polarization 

zo control device. Control is effected by the polariza- 
tion control device so that polarization beam com- 
ponent 3x of the signal beam and the polarization 
beam directions of the two output t^eams from the 
polarization control device 39' are sutistantially In 

25 agreement witii the polarization beam cfirections of 
the x polarization beam component 3x and y po- 
larization t>eam component 3y. This control metiiod 
oi>serves the detection output of the optical hetero- 
dyne (or the optical liomodyne). that is, tiie output 

so amplitudes of the ampiifiers 9x and 9y, and sets 
the polarization beam control device so that the 
output amplltudos k>ecome maximal. An example of 
the polarization beam control device is an optical 
fibeir whose shape is turned to a circular coil-fike 

35 form. 

The two outputs 7x and ex (or 7y and 6y) of 
the two optical couplers 5x and 5y are converted to 
the electric signals by the two optical detectors 8x 
and (or 8y and 8y') but at tiiis time, optical 

AO heterodyne (or homodyne) detection occurs. The 
electric signals are added and amplified by the 
amplifier 9x (or 9y) and the baseband signal 35x 
(or 35y) is obtained by the demodulation circuit 34x 
(or 34y). However, the demodulation circuit 34x is 

45 not necessary in the case of the optical homodyne 
detection. 

The demodulation circuit may include a delay 
detection circuit having a delay device and a multi- 
plier, or an envelope detection circuit having a 
50 k>andpass filter and an envelope detector. 

The outputs 35x and 35y of the demodulation 
circuits 34x and 34y are added to obtain a signal 
36. 

This embodiment provides the effects of sup- 
55 pressing tiie intensity noise contained in the local 
osdilation beam 4 and of preventing deterioration 
of tiie signai-to-noise ratio. Furtiienmore. tills em- 
bodiment provides tiie effect that the degradation 
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of the 8ignal-to-nofse ratib of the demodulation 
signal due to the polariza&on beam fluctuation of 
tte optical signal 3 can be checked. This degrada* 
tion can be further suppreeaed by fiimlahing the 
frequency mixer or the envelope detector contain- 
ed in the demodulation circuit 34 or 34' with the 
amplitude equare characteristice. 

The ninth embodiment will be explained with 
reference to Rg. 10. Rg. 10 shows the optical 
frequency separation stabilization system of four 
light sources 1, 2, l' and 2'. Hie beams of the light 
sources 1 and 2 are combined by the photocoupler 
5. The optical ^quency separation between the 
Hght sources 1 and 2 is stabilized by utiiizing part 7 
of the output beam by this same means as that of 
the first embodiment Similarly, the optical frequen^ 
cy separation between the light sources V and 2 
is stabilized by utilizing part Y of the combined 
beam by the same means as that of the first 
embodiment The optical frequency separation be- 
tween these two sets of optical sources (1 and 2^ 
and (l' and 2') is stabilized by combining part 6, 6 
of the photo-couplers 5 and s' by a photo-coupler 
5' and by changing the optical frequency of the 
Rght ,, source 1 by utilizing part 7* of the output 
l^eanri, by the same means as that of the first 
embodiment incidentally, ^the pass band of the 
bandpass type amplifier 9' used thereby Includes 
the, optical frequency separation between the light 
soiffc^ 1 and 1 . 

Frequency separation stabilization of the four 
light,;^urces Is accomplished by the means de- 
scrlt>ed above. 

Though the frequency separation is stabilized 
in tills ennbodlment by use of the first embodiment 
but it can also be accomplished naturally by use of 
the second, third or fourtti embodiment or their 
combination. 

Though the frequency separation- stabilization 
of the four light sources is made in this embodi- 
mentt ft is of course ix>ssibie to make the fre- 
quency separation stabilization of n light sources in 
general in the same way as described above. 

Since the optical frequency separation stablli- 
zaitioh of a plurality of optical sources is made in 
accordance witii this embodiment, this embodirhent 
provides tine effect tiiat tiie stable optical transmis- 
sion apparatus 41 can be accomplished. 

Besides tiie same effect as tiiat of tiie first 
embodiment, this embodiment provides also tiie 
effect ttiat tiie optical frequency gap between a 
plurality of light sources can be stabilized. 

The tenth embodiment will be described witii 
reference to Hgs. 10 and 11. Means for stabilizing 
ttie optical fi'equency separation between a plurality 
of (tour in Rg, 10) light sources is tiie same as tiiat 
of the ninth embodiment but tills embodiment is 
characterized in tiiat the disposition pf tiiese light 



sources is set in such a manner that their optical 
frequencies on Uie optical ftrequency axis are adja- 
cent to one another. In the case of Rg. 10^. the 
optical finequencles of the liglit sources 1. 2, 1' and 

5 2 are arranged as shown In Rg. 11 <a> or <b>. 
Symbols f/ iz U' and fa' represent the optical 
frequencies of the light sources 1, 2. 1' and 2', 
respectively. 

This embodiment provides an effect wherein it 

10 is not necessary to broaden the band width of the 
optical detectors 8, b' and and the bandpass 
filter type ampilflers 9, b\ q" shown In Rg. 10. 

The eleventh embodiment will be explained 
with reference to Rg. 12. This embodiment repre- 
ss sents means for keeping constont tiie optical fre- 
quency separation between the four light sources 
1, 2, 1' and 2'. The beams 3. 4, d' and 4' from the 
four light sources are combined by the optical 
multiplexers 5. s'. and part t' of its output is 

20 converted to the electric signal by the optical de- 
tector 8. This electric signal is amplified by the 
tiandpass type amplifier 0. Rg. 13 shows the fre- 
quency characteristics of the electric sipnal de; 
scribed above. In this drawing, fi. h, fi and h 

25 represent the optical fi-equencles of the light sour- 
ces 1, 2, 1' and 2\ respectively. The band 46 of 
the amplifier 9 Is set so as to amplify only fs • fi. 
The signal processing from tiere id the acquisition 
of the signal 19 is tiie same as tiiat of the first 

30 embodiment This signal passes through tiie switch 
19, and is added to tiie driving current of the Ilgiit 
source 2 so that the optical frequency separation Is 
stat)ili2ed between the light sources 1 and: 2 by the 
same operation as that of the first embodiment 

35 Here, the amplification band of tiie bandpass 
amplifier 9 is switched by the control signal 43 
from 46 to 46' in Rg. 13. This can be accom- 
plished by changing the passband of the electron- 
ically tunable bandpass filter by the control signal 

40 43. 

The output signal of this amplifier 9 contains 
the frequency component fa' - f /. This signal is 
processed In tiie same way as In the first embodi- 
ment Here, the output signal 12 of tiie oscillator 1 1 

45 is switched by the control signal 44 from fs - f o to 
f/ • fo. Here, fs' is tiie target value of stabilization of 
the frequency separation between the light sources 
V and 2'. The signal 19 is added to the driving 
cunrent 20' by switching the switch 100 by the 

50 control signal 45 so tiiat the optical frequency 
separation between the light sources T and 2' can 
be stabilized. 

Furtiiermore, the amplification band of the ban- 
dpass amplifier 9 is^switohed by tiie control signal 

55 43 from 46' to 46" in Rg. 13. Accordingly, tiie 
output signal of tiie amplifier 9 contains tiie fre- 
quency component f/ - fi. This signal Is pro- 
cessed In the same way as in the first emt)Odl- 
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ment Here, the output signal 12 of the oscillator 11 
is^swHched by tfie control signal 44 from f^' « fo to 
U" - fo- Hera, fs" is the target value df stabilization 
of the optical frequency separation between the 
tight sources 1 and 1^ The signal 19 Is applied to 
the driving cunrent S^" by switching the switch 100 
by the control signal 45 so that the optical fre- 
quency separation between the light sources 1 and 
l' can be stabilized. 

The pptioai frequency separation of aH the light 
sources 1, l\ 2 and 2' can be kept constant by 
sequentially repeating the simultaneous switching 
operations of the ampfification band of the amplifier 
9. the oscillation frequency of tfie oscillator 11 and 
tfie switch 100 by tiie control signals 43, 44, 45. 
The control signals 43, 44 and 45 are generated by 
the controller 42. 

This embodiment provides the effect that only 
one system Is necessary as the confrol system 101 
In order to keep the optical frequency gaps be- 
tween three or more light purees constant 

Needless to say, besides the first embodfrnent 
the second, tiilrd and Iburtii emt>odlments rimy be 
used as the frequency separation stalMlizallon sys* 
lem In this embodiment 

The twelftti embodiment will t>e €ocpiained wttti 
reference to Rgs. 12 and 14. IVIeans for stabilizing 
tiie optical frequency separation t>etween a plurality 
(four In Fig. 12) of light sources is the same as the 
one used in ttie eleventh embodiment but the set 
values fs, f/ and fs' of the plurality of optical 
frequency separation are mutually different as 
^ shown In Rg. 14 and this Is the characterizing 
feature of this embodiment In this drawing, fi. ft , 
fz and are the 0|7tical frequencies of the light 
sources 1, l', 2 and 2', respectively. 

According to this embodiment, since f$, f,' and 
fs*' are all different from one another, two or three 
firequencles of f i • ht fi' - ft and fs' • f/ do not 
superpose witii one another and tiiere can be ob- 
tained tiie effect that the periodic fluctuation of tiie 
optical frequencies due to the frequency stabiliza- 
tion signal can be suppressed. 

The thirteenth embodiment will be explained. In 
Rg. 1, when the signal currents cprresponding to 
two Independent digital information signals are 
superposed witii the driving currents 20 and 21, 
respectively, the t^eams from the semiconductor 
lasers 2 and 1 come to possess the optical inten- 
sity change or phase change corresponding to tiie 
digital Information signals. Therefbre, an optical 
transmitter 41 ' for iiitenslty modulation or frequen- 
cy modulation can be accomplished by causing 
part 6 of the output of the optical synthesizer 5 to 
be incident into a transmission optical fiber. This 
embodiment provides such an optical fransmitter. 

In this emfc>odlment, tiie light source may be 
other lasers, multi-electrode semiconductor lasers, 



the combination of the semiconductor laser Mrftt) 
the optical system and the mlnrqr, tiie optical fiber 
or diffraction grating shown in Rg. 4, and so fortii. 
Stabilization by temperature shown In Rg. 6 may 

5 be used as means for stabilizing tiie frequency 
separation. Anoflier example of this embodiment Is 
reiM^esented by 41 in Rg. 10. Reference numeral 
41* in Rg. 12 represents still anotiier example. 
This embodiment provides an optical transmis- 

10 slon apparatus fbr wavelengtii multiplexing or fre- 
quency muitiplexirig wtth stabiBzed frequency sep* 
aration. 

The ftourteenth embodiment will be explained 
witii reference to Rg. 16. Reference numeral 41 in 

IS this drawing represents the imismlssion apparatus 
described In the thirteenth eml>odiment The output 
beam 6 of this optical transmission apparatus 41 
passes through the optical fiber 47, and are sepa- 
rated to a beam of each wavelengtii by tfie optical 

20 multl/ demultiplexer 48 and Its optical output 50 Is 
received by tiie optical receiver 48. The optical 
output 50 of the optical mult^lexer/demultipiexer 

48 Is one of the wavelengths transmitted by trans- 
mission apparatus 41 (or optical frequency). The 

25 optical multi/demuitiplexer produces a number of 
outputs corresponding to tile number of the 
waveler^fths (or frequencies) to be multiplexed 
which are received from the optical transmission 
apparatus and In this case, one each optical re- 

30 ceiver 49 is necessary for each output (See Rg. 
16 where-two receivers are required.) 

The optical signal in tills embodiment is the 
intensity-modulated beam and the optical receWer 

49 Is a direct detection optical receiver consisting 
35 at least of the optical detector 51 and an amplifier. 

This emt)odlment provides a wavelength mul- 
tiplexing or optical frequency multiplexing commu- 
nication system and a communication apparatus 
with stabilized optical frequency separation. 
40 ^ Incidentally, other optical transmitters such as 
4l' in Rg. 1 or 4l'' In Rg. 12 may be used as the 
optical transmitter in Rg. 15. 

The fifteentfi embodiment m\\ be explained 
with reference to Rg. 17. The beam 6 from the 
45 transmitter 41 of the thirteenth embodiment passes 
through the optical tiber 47 and tiie optical output 
54 is combined witti tiie beam 55 from tiie local 
oscillator optical source 56 by the photo-coupler 
53. The output 57 of tiie photo-coupier 53 Is sub- 
so jected to optical heterodyne or optical honiodyne 
detection by the optical detector 58 and the Inter- 
mediate frequency signal is amplified by tiie am- 
plifier 59 and converted to the baseband signal by 
the demodulation circuit 34. in this manner an 
56 arbitrary signal from the frequency-multiplexed 
beams from the transmitter 41 can be received by 
the optical heterodyne or optical homodyne re- 
ceiver 60. Incidentally, the optical signal of this 
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embodiment is the amplitude-modulated, 
frequency-modulated or phase-modulated beam. 

This embodiment provides a wavelength mut- 
fiplexing or optical frequency multiplexing commu- 
nication system and communication apparatus with 6 
stabilized opiicai frequency separation. 

Incidentally, other opticial transmitters such as 
4l' In Rg. 1 or 41* In Rg. 12 may be used as flie 
optical transmitter In Rg. 17. 

The sbdeenth embodiment will be explained io 
with reference to Rg. 18. This embodiment is char- 
acterized In that a balanced type receiver 61 Is 
used in place of the optical heterodyne or optical 
homodyne receiver 60 of tiie fffteentti embodiment 
This embodiment relates to tiie combined system , ts 
of ttie transmitter 41 and the re<»lver 60 and Its 
transmitter. The structure and operation principle of 
the balanced type receiver are explained In ttie 
sixth embodiment 

Incidentally, other optical transmitters such as so 
4l' In Rg. 1 or 41* In Rg. 12 may be used as ttie 
optical transmitter of ttiis embodiment 

Since ttie Intensity noise of tiie local oscillation 
beam 55 Is suppressed, tills embodiment provides 
a system capable of obtaining a demodulated sig- 25 
nal hmnng a high signal-to-nolse ratio, and a trans- 
mitter fdr the system. 

The seventeentii embodiment will be explained 
with reference to Rg. 19. This embodiment uses a 
polarization dh^er^ receiver 62 as the optical het- 30 
erodyrie-br homodyne recehrer 62. The structure 
and operation principle of the polarization diversity 
receilver are explained already with reference to the 
seventh embodiment This embodiment relates to 
ttie combined system of tite transmitter 41 with tiie 3S 
receiver 61 and Its transmission apparatus. Inciden- . 
tally, ottier optical transmitters such as 41 ' In Rg. 1 
or 41* In Rg. 12 may be used as the optical 
transmitter of this embodiment 

This embodiment effectively prevents degrada- 4o 
tion of the signal-to-noise ratio of ttie demodulated 
signal 36 due to polarization fluctuation of the op- 
tical fber output 54. Furthermore, the embodiment 
provides a communication system and its promoter 
capable of furttier suppressing ttie degradation of 46 
signal to ndse can be ratio by furnishing the fre- 
quency mixers or the envelope detectors contained 
In ttie demodulation circuits 34 and 34' witti ttie 
amplitude square characteristics. 

The eighteenth embodiment wlil be explained so 
witii reference to Rg. 20. This embodiment uses a 
balanced type polarization diversity receiver 63 as 
the optical heterodyne or homodyne receiver. The 
structure and operation principle of the balanced 
type polarization diversity receiver are explained 65 
already iii the eightti embodiment This embodi- 
ment relates to tiie combined system of tiie optical 
transmltte;^ 41 and ttia receiver 63 and its transmis- 



sion apparatus. 

Incidentally, ttia optical transmitter of this em- 
i30diment may be other optical transmttters such as 
4l'lnRg. 1 or 41" In Rg. 12. 

This embodiment provides the effect that the 
Intensity noise contained in the beam from the 
local oscillator optical source 56 Is extinguished 
and degradation of ttie signal-to-nolse ratio can be 
prevented. Furthemiore. the embodiment provides 
the effect that degradation of the signal-to-noise 
ratio of the demodulated signal due to the polariza- 
tion fluctuation of the optical signal 54 can be 
suppressed. Stiil further, tiie embodiment pn^vldes 
ttie effect ttiat ttie degradation can further be sup- 
pressed by furnishing ttie frequency mbcer or the 
envelope detectors, contained In the demodulation 
circuit 34 or 34' wtth ttie amplitude square ctiar- 
acteristics. 

The nineteenth embodiment will be explained 
with reference to Rg. 21. In Rg. 21, n optical fibers 
471, 472, ... , 47n are shown extended from a 

center station 64 to n stations 651, 652 65n. 

The center station 64 stores n optical trarismitters 
411, 412, .... 41 n and these optical transmitters are 
the aforementioned transmitters 41, 41 or 41 . At 
least one optical receiver 601, 602, ... , 60n exists 
In otfier station 651, 652, ... • 65n and these opttcal 
receivers are the aforementioned optical receiver 
48. 60, 61, 62 or 63. 

In this embodiment, the wavelength-multipfex- 
ed or frequency-muttiplexed t)eams are transmltfed 
from the center station 64 to the other stations 651, 
652, ... , 65n and the other stations 651, 652, ... , 
65n receive the information by any of direct detec- 
tton, optical heterodyne detection and, optical 
homodyne detection. This embodiment relates to 
this system and an apparatus for practicing the 
system. 

Needless to say, subscribers may substitute 
tiie other stations 651, 652, , 65n In this embodi- 
ment A two-way communication system can of 
course be accomplished by disposing the optical 
transmitter in at least one of the other stations 651. 
652, ... , 65n so as to transmit tiie optical signal 
from the other station to the center station 64 and 
to receive it by the optical receiver Insftalled In the 
center station. 

This embodiment provides tiie effect that a 
one-way or two-way optical communication networlc 
having stable optical frequency separation and high 
transmission quality can be configured. 

In accordance with the present invention, the 
optical frequency separation can be stabilized wtth- 
out using the optical etalon or the like so ttiat an 
optical frequency stabilization system which Is sta- 
ble for a long period can be accomplished. 

Since optical frequency stabilization is made 
by utilizing part of tiie photo-coupler in accordance 
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with the present invention, the beam from the light 
source can be utilized effecHveiy. In practice, only 
1/2 of the photo-coupler output has been utiiized 
conventionaliy in the wavelength multiplexing or 
optical frequency multiplexing system, but this em- 5 
txxliment can utilize ail the photo*coupler output 



Claims 

10 

1. A frequency separation stabilization method 
comprising the steps of: 

multiplexing output beams from two light sources 
to form a combined beam; 

converting at least a portion of the combined beam 75 
to an electric signal by an optical detector; 
multiplying at (east a portlm of the electric signal, 
having a diflerence component In optical frequency 
between said light sources, by the output from an 
oscillator to form a multiplication signal; 20 
extracting a difference frequency component be- 
tween said electric signal and the output of said 
osdiiaton 

converting the difference frequency component to 

an electric signal by a frequency discrimination 26 

drcuft; and 

changing optical frequencies of said light sources 
by applying said output signal from said frequency 
discrimination drcult to one or both of said light 
sources to keep the optical frequency separation 30 
between said two light sources constant 

2. The frequency separation stabilization meth- 
od according to claim 1, wherein said step of 
multiple^dng light sources includes the step of muh 
tiplexing at least one of semiconductor lasers and as 
multi-electrode semiconductor lasers. 

3. The frequency separation stabilization me^- 
od according to claim 1. wherein said step of 
multiplexing light sources includes the step of muh 
tiplexing light ^s^ources comprised of semiconductor 40 
lasers In conKmctlon with of at least one of reflect- 

ir^ mirrors and diffraction gratings. 

4. The frequency separation stabilization meth- 
od of claim 3 Including the step of changing at 

. least one of an angle of said reflecting mirror and 45 
said diffraction grating. In accordance with an out- 
put signal of the frequency dlscrimlnalion circuity. 
In order to change the optical frequency of said 
light sources and to keep the optical frequency 
separation between said two light sources constant so 

5. The frequency separation stabilization meth- 
od of daim 1 further comprising the step of using 
the output signal of said frequency discrimination 
circuit as a controf signal for changing temperature 

of at least one of said light sources In order to 55 
change an optical frequency of said light sources 
and to keep tiie optical frequency separatim be* 
tween said two light sources constant 



6. The metiiod of claim 1 wherein the step of 
multiplexing output beams includes the step of 
encoding data for communication, in accordance 
with one of optical homodyning and optical 
heterodyning, by controlling a first of the two Ught 
sources which functions as a signal fight source, 
and wherein the step of changing ttie optical fre- 
quencies includes tiie step of keeping an inter- 
mediate frequency of multiplexed output beams 
constant by confrolling a second of the two light 
soun:es which functions as a tocal oscillator Hght 
source. 

7. The method of claim e, fiirtiier comprising 
the steps ot 

combining, with a balanced optical receiver having 
optical couplers, tiie signal from said signal Hght 
source witii the beam from said local oscillator light 
source: 

converting, witii two optical detectors tise two out- 
put beams to electric signals; and 
adding said two electric signals to each otiier. 

8. The method of claim 6 further comprisbig 
the steps of: 

combining, with a polarization diversity receiver 
consisting of an optical coupler, the signal t>eam 
witii tiie local oscillation beam and a polarizatkm 
beam into an output beam; 
splitting, witii a splitter, the output beam Into two 
sui^stantially crossing polarization compon^its; 
converting, with two optical detectors, tiie two po- 
larization components to two electric polarization 
signals; 

demodulating, witii two demodulation circuits, said 
two electric polarization signals; and 
adding, witii an adder, said two demodulation sig- 
nals. 

9. The metiiod of claim 6 furtfier comprising 
tiie steps of: 

separating, witii a balanced type polarization dh^r- 
sity receiver, said signal beam from said signal 
fight source into an x polarization component beam 
and a y polarization component beam crossing 
each other substantially at right angles; 
separating the beam of said local oscillator optical 
source Into two beams substantially In conformity 
with the polarization directions of said x and y 
polarization component beams, respectively; 
combining, witii two optical multiplexers, tiie two 
beams substantially in conformity with the polariza- 
tion directions; 

converting, with two optical detectors, two output 
beams from said optical muitipiexer witii said x 
polarization component beam witii tiie beam from 
said local oscillator optical source into first electric 
signals; 

adding tiie first electric signals to fbnm a first 
added signal; 

demodulating, witii a demodulation circuit, said first 
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added signal to form a first demodulated signal; 
CQnverting. with two optical detectorst the two out- 
put beams of said optical muitipiexer for combining 
said y poiarizalion component beam witti tlie beam 
from said local oscillator opti<^ source into second 
electric signals; 

adding said second electric signals to fonm a sec-, 
bnd added signal; 

demodulating, witii a demodulation circuit said 
second added signal to form a second demodu- 
lated signal; and 

adding, with ah addition circuit, said first and sec- 
ond demodulated signals to form an added de- 
modulated signal. 

10« A system for stabilizing a difference fre- 
quency between two coherent light sources com- 
prising: 

means for generating a first periodic electric signal 
having a frequency f1; 

means for driving a first light source with the first 
periodic electric signal such that the first light 
source has a coherent optical wave output witii a 
frequency f1; 

means for generating a second periodic electric 
signal having a frequency fZ; 
mean^ for driving a second coherent ligiit source 
with tiie second periodic signal such tiiat the sec- 
ond Gght source has a coherent optical wave output 
with a frequency fZ; 

muitipiexer means for combining the first and sec- 
ond coherent optical waves into a combined optical 
wave output having a frequency f2-f1; 
means for diverting at portion of the combined 
optical wave to an opticahto-electrical transducer; 
optical-to-electrical transducer means for forming 
an combined electrical signal from the combined 
optical wave such that tiie combined electrical sig- 
nal has a frequency f2*f1; 

oscillator means for generating an electrical oscilla- 
tor signal having a selected difference frequency 
fs-fo, wherein fs Is a desired frequency separation 
t)etween f2 and f1. and wfierein fo is a desired 
output frequency; 

multiplier means for multiplying the electrical os- 
cillator signal and the combined electrical signal to 
fonm a multiplied electrical signal having a fre- 
quency (f2-f1) +/- (fs-fo); 

means for filtering out a portion of the multiplied 
signal to iom an electrical Input signal having a 
frequency (f2-fl) - (fs-fo); 

frequency discrimination means for generating a 
control signal in accordance with tine electrical In- 
put signal; and 

frequency control means for altering a frequency of 
at least one of ttie first and second period electrical 
signals in accordance with the contR3l signaJ. 

11. The stabilizing system of claim 10 wherein 
the frequency discrimination means Includes a 



means for generating a first voltage level when a 
frequency of the electrical input signal exceeds fo. 
means fbr generating a second voltage level when 
a firequency of ttie electrical input signal equals fb. 
5 and means fbr generating a third electrical input 
signal when a frequency of ttte elecMcai Input 
signal is less than fb. 

• 12. The stabilisting system of claim 11 wherein 
the frequency discrimination means is comprised 
70 of: 

a signal separation circuit means for dividing tiie 
electrical Input signal into first and second portions; 
a delay circuit means for fmning a delayed second 
portion from tite second portion of the electrical 

15 input signal; 

double balance mixer means for fonming the con- 
trol signal from the first portion of the electrical 
input signal and the delayed portion of the elec- 
trical input signal. 

20 13, The stabilizing system of claim 12 wherein 
at least one of ttie first and second light sources is 
comprised of a combination of a semiconductor 
laser device and a mirror separated by a lens 
system, and wherein the frequency control means 

25 is comprised of means for varying a distance be- 
tween a semiconductor laser device and its asso- 
ciated mirror In accordance wltti the control signal. 

14. The stabilizing system of claim 12 wh^eln 
at least one of the first and second light sources Is 

30 comprised of a semiconductor laser device and an 
optical filler, and wherein the frequency control 
means Is comprised of a means for varying an 
effective length of the optical fit>er In accordance 
witii the control signal. 

ss 15. The stabilizing system of claim 12 wherein 
at least one of the first and second light sources is 
comprised of a semiconductor laser device and a 
diffraction grating separated by a lens system, and 
wherein the frequency control means is comprised 

40 of a means fbr varying at least one of (a) a dis- 
tance between a semiconductor laser device and 
its associated diffraction grating, and (b) an angle 
. kDetween a semiconductor laser device and its as- 
sociated diffraction grating. In accordance witii the 

46 control signal. 

16. The stabilizing device of claim 12 wherein 
. at least one of tiie first and second light sources is 

comprised of a seniiconductor laser device, and 
wherein the frequency control means is comprised 
60 of a means for varying a temperature of at least 
one of the semiconductor laser devices In accor- 
dance with the control signal. 

17. A method for stabilizing a difference fire* 
quency between two periodic light sources com- 

65 prising tiie stops of: 

generating a first periodic electric signal having a 
frequency f1; 

driving a first light source witii the first periodic 
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electric signal such that the first tight source has a 
periodic optical wave output with a frequency f1 ; 
generating a second periodte electric signal having 
a frequency fZ; 

driving a second periodic light source with the 
second periodic signal such that the second light 
source has a periodic optical wave output vidth a 
frequency f2; 

combining the first and second periodic optical 
waves into combined optical wave output having a 
frequency f2-fl ; 

diverting at portion of the combined optical wave to 
an opticahto-eiectrlcal transducer; 
fdnming an combined electrical signal from the 
combined optical wave such that the combined 
electrical signal has a frequency f2-f1; 
generating an electrical oscillator signal having a 
selected difference frequency fs-fb, wherein Is Is a 
desired frequency separation t>etween fZ and fl. 
and wherein fo Is a desired output frequency; 
multiplying the electrical oscillator signal and the 
combined electrical signal to form a mul^plled 
electricai signal having a frequency {f2-f1) +/- (fs- 
fb); 

filtering out a portion of the multiplied signal to 
form an electrical input signal having a frequency 
(t2-f1) - (fe-fo); 

generating a control signal in accordance with the 
electrical input signal; 

altering a frequency of at least one of the first and 
second period electricai signals In accordance with 
the control signal. 

18. An optical communication system compris- 
ing: 

means for generating a first periodic electric signal 
haWng a frequency f 1 ; 

means for driving a first light source with the first 
periodic electric signal such that the first light 
source has a periodic optical wave output with a 
frequency f1: 

means for generating a second periodic electric 
signal having a frequency f2; 
means for driving a local oscillation light source 
with the second periodic signal such that the local 
oscillation light source has a periodic optical wave 
output with a frequency f2; 
pfioto-coupier fneans for combining the first and 
second periodic optical waves into combined op- 
tical wave output having a frequency f2-f1; 
means for diverting at portion of the combined 
optical wave to an optical4o-eiecfrlcai transducer, 
optical-to«etectrical transducer means for fbrming 
an combined electrical signal from the combined 
optical wave such that the combined electricai slg- 
nai has a frequency f2-f 1 ; 

demodulation means for converting a portion of the 
combined electrical signal Into a baseband signal: 
oscillator means for generating an electrical oscilla^ 



tor signal having a selected difference frequency 
fe-fb, wherein fs is a desired frequency separation 
between f2 and fl, and wherein fo le a desired 
output frequency; 
6 multiplier means for multiplying ttie electrical os- 
cillator signal and tiie combined eilectrical signal to 
form a multiplied electrical signal having a fre-' 
quency (f2-f 1 ) + /- (fs-fb); 

means for filtering out a portion of ttie multiplied 
10 signal to fomi an electrical Input signal having a 
frequency {f2-f1) • (fs-fo); 

frequency discrimination means for generating a 
contml signal in accordance with tiie electrical in- 
put signal; and 
75 frequency control means for altering a frequency of 
tiie local oscillation light source In accordance witii 
the control signal. 
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@ A system for stabilizing a frequency separation 
between two coherent light sources includes first 
and second current sources driving first and second 
senfilconductor laser devices (1, 2) with first and 
second frequencies (f1, f2), respectively. Light from 
the semiconductor laser devices (1, 2) Is combined 
in a multiplexer (5), and a portion (7) of the com- 
bined light is diverted to an optical-to-electrlcal tran- 
sducer (8). The output cunrent (10) from the trans- 
ducer (8) Is combined with an output (12) of a local 
oscillator (11) driven at a selected frequency. A 
combined signal is then filtered by a fitter (14) and 
used to form a control signal of one of the semicon- 
ductor laser devices (2). 
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